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(54) Citalopram hydrobromide crystal and method for crystallization thereof 



(57) According to the present Invention, citalopram 
hydrobromide dissolved in a solvent containing at least 
one member selected from the group consisting of al- 
cohol having 1 - 3 carbon atoms, water and acetone is 
crystallized or recrystalllzed while controlling the cooling 
rate, thereby to 1 ) provide an Industrial method for crys- 



tallizing citalopram hydrobromide, which enables easy 
control of the crystal characteristics, such as particle 
size, particle size distribution and aspect ratio and the 
like of the crystal, and 2) provide citalopram hydrobro- 
mide crystal having crystal characteristics useful as a 
phamnaceutical bulk. 
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Description 

TECHNICAL FIELD OF THE INVENTION 

5 [0001] The present invention relates to a method for crystallizing citatopram hydrobromide useful as an antidepres- 
sant and citalopram hydrobromide having specific crystal properties. 

BACKGROUND OF THE INVENTION 

10 [0002] Citalopram hydrobromide is useful as an antidepressant. When It is used as a pharmaceutical bulk for the 
preparation of a pharmaceutical agent, particle size, particle size distribution and aspect ratio of the crystal are the 
important crystal characteristics. However, there is no teaching as to what crystal characteristics of citalopram hydro- 
bromide are required as a beneficial pharmaceutical bulk, or a method for achieving such beneficial crystal character- 
istics. 

15 [0003] According to US4650884, for example, a method for crystallizing citalopram hydrobromide comprises, crys- 
tallization in a single solvent of acetone, first recrystallization in a single solvent of water, second recrystallization In a 
mixed solvent of methanol and isopropyl alcohol, and third recrystallization in a mixed solvent of methanol, acetone 
and hexane. This method aims at purification of citalopram crystals but not at controlling particle size, particle size 
distribution or aspect ratio of crystals, not to mention a method for controlling these. 

20 [0004] When citalopram hydrobromide is crystallized according to the method described in this publication, fine crys- 
tals having a particle size of less than 5 |im are fomned in a large amount (41.9% of the total amount). When fine 
crystals are contained In a large amount, filtering performance after crystallization for medicament production is de- 
graded. In addition, the fine particles scatter and the workers are exposed thereto during production of pharmaceutical 
preparations, which is an unpreferable aspect as a pharmaceutical bulk. 

25 [0005] When citalopram hydrobromide is crystallized according to the method described in this publication, crystals 
having a smaller average aspect ratio of less than 2 are produced. Such crystals cause problems such as poor filtering 
performance after crystallization for the preparation of a pharmaceutical agent and poor fluidity when crystals are being 
taken out, which is not preferable as a pharmaceutical bulk. 
[0006] It Is therefore an object of the present invention to provide 

30 

(1) a method for industrially crystallizing citalopram hydrobromide, which method affords easy control of crystal 
characteristics, such as particle size, particle size distribution and aspect ratio of the crystals, and 

(2) citalopram hydrobromide crystals having crystal characteristics useful as a pharmaceutical bulk. 

35 SUMMARY OF THE INVENTION 

[0007] Such object can be achieved by the present invention. According to the present invention, citalopram hydro- 
bromide dissolved in a specific solvent is crystallized or recrystallized while controlling the cooling rate, thereby to 
control the particle size, particle size distribution and aspect ratio of citalopram hydrobromide crystals. It has been also 
40 found that citalopram hydrobromide crystals containing crystals having a particle size of less than of 5 [im in a proportion 
of 35% at most and citalopram hydrobromide crystals having an average aspect ratio of not less than 4.5 and not more 
than 6.0, which are obtained by this method, are advantageous as a phamnaceutical bulk. 
[0008] Accordingly, the present invention provides the following. 

45 (1) Citalopram hydrobromide crystals containing crystals having a particle size of less than 5 |im in a proportion 

of 35% at most. 

(2) Citalopram hydrobromide crystals containing crystals having a particle size of less than 5 |im in a proportion 
of 35% at most, and containing crystals having a particle size of not less than 20 ^m in a proportion of not less 
than 10%, or having an average aspect ratio of not less than 2.0 and not more than 9.0, or having an average 

50 aspect ratio of not less than 2.5 and less than 4.5, or having an average aspect ratio of not less than 4.5 and not 

more than 6.0. 

(3) Citalopram hydrobromide crystals having an average aspect ratio of not less than 2.0 and not more than 9.0. 

(4) Citalopram hydrobromide crystals having an average aspect ratio of not less than 2.5 and less than 4.5. 

(5) Citalopram hydrobromide crystals having an average aspect ratio of not less than 4.5 and not more than 6.0. 
55 (6) A method for crystallizing citalopram hydrobromide, which comprises the steps of 

(A1) dissolving, by heating, citalopram hydrobromide in a solvent containing at least one member selected 
from the group consisting of alcohol having 1 to 3 carbon atoms, water and acetone and 
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(B1) cooling the resulting product to achieve crystallization, while controlling the cooling rate. 

(7) A method for crystallizing citalopram hydrobromide, which comprises the steps of 

5 (A2) dissolving, by heating, citalopram hydrobromide In a solvent containing at least one member selected 

from the group consisting of alcohol having 1 to 3 carbon atoms, water and acetone, 
(B2) cooling the obtained solution to achieve crystallization, 
(C2) dissolving a part of the obtained crystals by heating, and 
(D2) recrystallizing the crystals while controlling the cooling rate. 

10 

[0009] A preferable mode of the above-mentioned (6) includes 

(6-1) controlling the cooling rate within the temperature range of 0**C - 80°C, 

(6-2) controlling the average cooling rate within the temperature range of 20**C - 40**C to not less than 30°C/hour 
15 and not more than 60*C/hour, 

(6-3) controlling the average cooling rate within the temperature range of 20^*0 - 40°C to not less than O.S^C/hour 
and less than 30**C/hour, and 

(6-4) cooling the solution obtained in (A1) to a temperature range of not less than 30**C and less than 48*C and 
adding a seed crystal of citalopram hydrobromide to achieve crystallization. 

20 

[0010] A preferable mode of the above-mentioned (7) includes 

(7-1) cooling to the temperature range of not less than 30"C and less than 48**C in (B2), 

(7-2) after cooling to the temperature range of not less than SCC and less than 48**C, adding a seed crystal of 
25 citalopram hydrobromide to achieve crystallization in (B2), 

(7-3) heating to the temperature range of not less than 48**C and not more than to dissolve a part of the 
crystal in (C2), 

(7-4) controlling the average cooling rate in the temperature range of from (heating temperature in (C2)) to (this 
heating temperature - 30*'C) to not less than 30*C/hour and not more than 90°C/hour In (D2), and 
30 (7-5) controlling the average cooling rate in the temperature range of from (heating temperature in (C2)) to (this 

heating temperature - 30**C) to not less than rc/hour and less than 30°C/hour in (D2). 

BRIEF DESCRIPTION OF THE DRAWINGS 

35 [0011] 

Figure 1 shows ''H-NMR of the compound obtained in Reference Example 1 . 

Figure 2 shows a powder X-ray crystal diffraction pattern of the compound obtained in Reference Example 1 . 

Figure 3 shows a powder X-ray crystal diffraction pattern of the compound obtained in Example 1 . 
40 Figure 4 shows a powder X-ray crystal diffraction pattern of the compound obtained in Example 4. 

Figure 5 shows a powder X-ray crystal diffraction pattern of the compound obtained in Comparative Example 1 . 

Figure 6 shows a crystal particle size distribution of the compound obtained in Example 1 . 

Figure 7 shows a crystal particle size distribution of the compound obtained In Example 2. 

Figure 8 shows a crystal particle size distribution of the compound obtained in Example 3. 
45 Figure 9 shows a crystal particle size distribution of the compound obtained in Example 4. 

Figure 10 shows a crystal particle size distribution of the compound obtained in Example 5. 

Figure 11 shows a crystal particle size distribution of the compound obtained in Example 6. 

Figure 12 shows a crystal particle size distribution of the compound obtained in Comparative Example 1 . 

Figure 13 shows a micrograph (400 magnifications) of the compound obtained in Example 1. 
50 Figure 1 4 shows a micrograph (400 magnifications) of the compound obtained in Example 4. 

Figure 15 shows a micrograph (400 magnifications) of the compound obtained In Example 6. 

Figure 16 shows a micrograph (400 magnifications) of the compound obtained In Comparative Example 1 . 

Figure 17 shows a micrograph (400 magnifications) of a ruler graduated in 10 ^im. 

55 DETAILED DESCRIPTION OF THE INVENTION 

[0012] The present invention is explained in detail in the following, 

[0013] The average particle size In the present invention is an average diameter upon conversion of the volume of 
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the crystal particles into sphere. 

[0014] The average aspect ratio in the present invention is an average value of the major axis/minor axis of crystal 
particles. 

[0015] According to the present invention , crystal characteristics such as particle size, particle size distribution and 
5 aspect ratio of the crystals can be controlled easily. As the industrial method for crystallizing cttalopram hydrobromide 
Includes the following methods. 

Method 1 

10 [0016] A first method for crystallizing citalopram hydrobromide in the present invention includes 

(A1) dissolving citalopram hydrobromide in a specific solvent, and 

(B1) crystallization by cooling the resulting solution while controlling a cooling rate 

(hereinafter this method is to be referred to as Method 1). The crystals obtained according to Method 1 generally 
'5 show a smooth cone-shaped particle size distribution. 

[0017] In the following, the steps (A1) and (B1) are explained in detail. In each step, it is preferable that the particles 
be stirred at 1 0 rpm - 250 rpm, particularly at 50 rpm - 220 rpm, so that the temperature of the system as a whole can 
be unifonn and the crystals after stirring will not have a smaller aspect ratio. 

20 [0018] According to Method 1 , the cooling rate of the solution within the specific temperature range should be reg- 
ulated to control the crystal characteristics. That is, the present inventors have found that the cooling rate of the solution 
within the temperature range of preferably O^^C - 80**C, particularly 20**C-40**C, in (B1) affects the crystal particle size 
of citalopram hydrobromide. For example, the crystals obtained when the average cooling rate of the solution within 
the temperature range of 20**C - 40*C is controlled to not less than 0.5**C/hour and less than 30°C/hour contain crystals 

25 having a particle size of less than 5 jim in a proportion of 35% at most, and have an average particle size of about 1 0 
[im - 20 pm, and that the crystals obtained when it is controlled to not less than 30*'C/hour and not more than eO'^C/ 
hour contain crystals having a particle size of less than 5 |im in a proportion of 35% at most, and have an average 
particle size of about 7 \im - 15 |im. Cooling within the above-mentioned temperature range is preferably conducted 
such that the cooling rate becomes almost constant. 

30 [001 9] A next important process for controlling the crystal characteristics is the addition of seed crystal in (81 ) in the 
specific temperature range. Addition of a seed crystal for crystallization of a compound is a known preferable method 
for precipitating crystals, as demonstrated in US4650884 with regard to citalopram hydrobromide. In this publication, 
a seed crystal is added when the cooling temperature is 20*C. By reproductive crystallization according to this method 
by the present inventors, it was revealed that suitable growth of the precipitated crystals was not achieved, with a 

35 considerable amount of fine crystals having a particle size of less than 5 |xm. When fine crystals are contained in a 
great amount, filterability after crystallization for the preparation of a pharmaceutical bulk becomes poor, and the fine 
particles scatter, to which particles the workers are exposed during production of phamriaceutical preparations. 
[0020] The present inventors have also found that, in (B1), cooling to the temperature range of preferably not less 
than 30°C and less than 48**C, more preferably not less than 40°C and less than 48°C, followed by addition of a seed 

40 crystal to allow for crystallization, results In precipitation of crystals suitably grown. Thus, the particle size of the crystals 
can be controlled well, and generation of fine crystals having a particle size of less than 5 ^im can be further inhibited 
by this method. 

[0021 ] When the temperature, at which a seed crystal is added, is less than 30*C, crystallization occurs at once and 
fine crystals tend to increase. When it is not less than 48*0, the seed crystal tends to dissolve easily, and the effect of 
45 the addition of the seed crystal becomes low. The amount of the seed crystal added is not subject to any particular 
limitation, but it is preferably 0.0001 wt% - 1 vrt%, more preferably 0.001 wt% - 0.01 wt%, relative to citalopram hyd- 
robromide used for crystallization. 

[0022] In (A1) in Method 1 , citalopram hydrobromide is dissolved in a specific solvent preferably by heating to 50^*0 
- 80°C, more preferably 55*0 - 75**C. 

50 [0023] The specific solvent used in Method 1 contains at least one member selected from the group consisting of 
alcohol having 1 to 3 carbon atoms (e.g., methanol, ethanol, isopropyl alcohol, 1-propanol), water and acetone, in a 
proportion of preferably not less than 70 wt%, more preferably not less than 80 wt%. The solvent that may be contained 
in addition to alcohol having 1 to 3 cariDon atoms, water and acetone is not subject to any particular limitation, and may 
be any as long as it is miscible with these solvents and is not reactive with citalopram hydrobromide. Examples thereof 

55 include toluene, xylene, tetrahydrofuran, diisopropyl ether, 1 ,2-dimethoxyethane, diethylene glycol dimethyl ether and 
the like. These may be used alone or in a combination of 2 or more solvents, wherein the boiling point thereof is 
preferably higher than the above-mentioned heating temperature. More preferable examples of the above-mentioned 
specific solvent include those containing at least one member selected from the group consisting of methanol, ethanol, 
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isopropyl alcohol and 1 -propanol in a proportion of not less than 80 wt%, particularly preferably those containing meth- 
anol and isopropyl alcohol in a proportion of not less than 90 wt%. 

[0024] The amount of the above-mentioned specific solvent varies depending on the kind of each solvent used solely 
or in combination, the temperature at which citalopram hydrobromide is heated for dissolution and the like. However, 

5 It is generally preferably 2 L - 30 L, more preferably 4 L - 16 L, per 1 kg of citalopram hydrobromide. When a mixed 
solvent containing methanol and isopropyl alcohol is used, it is particularly preferable that the amounts thereof be 2 L 
- 5 L of methanol and 4 L - 8L of isopropyl alcohol, both per 1 kg of citalopram hydrobromide. 
[0025] According to Method 1 , after the completion of step 2, the crystallization of citalopram hydrobromide is pref- 
erably completed after aging at a temperature below the final cooling temperature (preferably -10**C to 30^C, more 

10 preferably 0**C to 20'*C) forpreferably 30 minutes - 48 hours, more preferably 2 hours - 24 hours, to achieve an improved 
yield. 

[0026] By the foregoing steps, the characteristics of citalopram hydrobromide crystals can be controlled. For example, 
to shift the particle size distribution of the crystals toward that of the crystals having a greater particle size, the cooling 
rate may be slowed or a seed crystal may be added in {B1 ). To increase the aspect ratio, the cooling rate or the stirring 
15 speed may be slowed in (81 ). 

Method 2 

[0027] The second method for crystallizing citalopram hydrobromide according to the present invention includes the 
20 steps of: 

(A2) dissolving citalopram hydrobromide in a specific solvent by heating, 
(82) crystallizing citalopram hydrobromide by cooling the obtained solution, 
(C2) heating the resulting crystals to dissolve a part of the obtained crystals, and 

25 (D2) recrystallizing citalopram hydrobromide while controlling a cooling rate 

(hereinafter this method is to be refen'ed to as Method 2). The crystals obtained in Method 2 generally contain fine 
crystals in a smaller proportion than in Method 1 . In Method 2, the steps of (A2) to (D2) can be performed in one 
pot. In each step, it is preferable that the particles be stirred at 1 0 rpm - 250 rpm, particularly at 50 rpm - 220 rpm, 
so that the temperature of the system as a whole will be uniform and the crystals after stirring will not have a smaller 

30 aspect ratio. 

[0028] In Method 2, the control of the cooling rate of the solution within the specific temperature range in (D2) is 
particularly important for the control of the crystal characteristics. That is, the present inventors have found that the 
cooling rate of the solution particularly within the temperature range of from (heating temperature in (C2)) to (this 

35 heating temperature - SO'C) in (D2) in Method 2 affects the crystal particle size of the ultimate crystals. For example, 
the crystals obtained when the average cooling rate of the solution within this temperature range is controlled to not 
less than 30°C/hour and not more than 90**C/hour contain crystals having a particle size of less than 5 p.m in a proportion 
of 35% at most, particularly not more than 25%, and have an average particle size of about 1 0 p.m - 25 |im. The crystals 
obtained when it is controlled to not less than 1 'C/hour and less than 30**C/hour contain crystals having a particle size 

40 of less than 5 p.m in a proportion of 35% at most, particularly not more than 15%, and have an average particle size 
of about 15 p.m - 30 |im. Cooling within the above-mentioned temperature range is preferably conducted such that the 
cooling rate becomes almost constant. 

[0029] A next important process for controlling the crystal characteristics is the addition of a seed crystal within the 
specific temperature range in (82) and dissolution by heating in (C2). 

45 [0030] In (82), the solution obtained in (A2) is cooled to the temperature range of preferably not less than 30*C and 
less than 48'C, particularly preferably not less than 40*'C and less than 48''C. The present inventors have found that, 
in (82), cooling to the temperature range of preferably not less than SO^C and less than 48**C, particulariy preferably 
not less than 40°C and less than 48''C, which is followed by addition of a seed crystal to allow for crystallization results 
in the precipitation of crystals suitably grown. Thus, the particle size of the crystals can be controlled well, and generation 

50 of fine crystals having a particle size of less than 5 |xm can be further inhibited. 

[0031] When the temperature at which a seed crystal is added is less than 30*C, crystallization occurs at once and 
fine crystals tend to increase. When it is not less than 48°C, the seed crystal tends to dissolve easily, and the effect of 
the addition of the seed crystal becomes low. The amount of the seed crystal added is not subject to any particular 
limitation, but it is preferably 0.0001 wt% - 1 wt%, more preferably 0.001 wt% - 0.01 wt%, relative to citalopram hyd- 

55 robromide used for crystallization. 

[0032] In (C2), a part of the crystals obtained in (82) is dissolved by heating, thereby preventing complete dissolution 
of the obtained crystals. This has a consequence that the finally obtained crystals have a greater average particle size. 
This is considered to be attributable to the fact that the crystals not dissolved by heating in (82) become the seed 
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crystal in (02). Therefore, combined with the addition of the seed crystal in (B2), crystals having a greater average 
particle size as compared to that obtained without such combination can be ultimately obtained. As used herein, the 
"part of the crystals obtained In {B2)" is not subject to any particular limitation, but it Is preferably 10 wt% - 90 wt%, 
more preferably 20 wt% - 80 wt%, of the crystals obtained in (B2). 

5 [0033] The temperature in (C2) is not subject to any particular limitation as long as it can dissolve only a part of the 
crystals obtained in (82). Note that the crystals should not be dissolved completely in (82). It Is preferable that a part 
of the crystals be dissolved by heating to not less than 48**C and not more than 60'*C, particularly not less than 48*0 
and not more than 55*C, When this temperature is less than 48**C, the crystals cannot be dissolved to the desired 
degree in this step, and when it exceeds 60*C, the crystals are dissolved to the degree beyond the intended degree 

10 in this step, both causing an increase in the content of the crystals having a particle size of less than 5 ^m, as compared 
to (C2) performed in the above-mentioned temperature range. 

[0034] In Method 2, the cooling rate controlled in (82) also affects the particle size of the final crystals, as is the case 
with the aforementioned control of cooling rate in (D2), only to a smaller degree than in (D2). In (82), the present 
inventors have found that the cooling rate within the temperature range of preferably O^C - 80'*C, particularly 20*^0 - 
15 40'*C, affects the crystal particle size of citalopram hydrobromide. The cooling in the above-mentioned temperature 
range is preferably performed such that the cooling rate becomes almost the same. 

[0035] In (A2) in Method 2, citalopram hydrobromide is dissolved in a specific solvent preferably by heating to SO'^C 

- 80**C, more preferably 55*'C - 75°C. 

[0036] The specific solvent used in Method 2 contains at least one member selected from the group consisting of 
20 alcohol having 1 to 3 cartDon atoms (e.g., methanol, ethanol, isopropyl alcohol, 1-propanol), water and acetone, pref- 
erably in a proportion of not less than 70 wt%, more preferably not less than 80 wt%. The solvent that may be contained 
in addition to alcohol having 1 to 3 carbon atoms, water and acetone Is not subject to any particular limitation , and may 
be any as long as it is miscible with these solvents and is not reactive with citalopram hydrobromide. Examples thereof 
include toluene, xylene, tetrahydrofuran, diisopropyl ether, 1 ,2-dimethoxyethane, diethylene glycol dimethyl ether and 
25 the like. These may be used alone or in a combination of 2 or more solvents, wherein the boiling point thereof is 
preferably higher than the above-mentioned heating temperature. More preferable examples of the above-mentioned 
specific solvent include those containing at least one member selected from the group consisting of methanol, ethanol, 
isopropyl alcohol and 1-propanol in a proportion of not less than 80 wt%. Those containing methanol and isopropyl 
alcohol in a proportion of not less than 90 wt% are particularly preferable. 
30 [0037] The amount of the above-mentioned specific solvent varies depending on the kind of each solvent used solely 
or in combination, the temperature at which citalopram hydrobromide is heated for dissolution and the like. However, 
it is generally preferably 2 L - 30 L, more preferably 4 L - 16 L, per 1 kg of citalopram hydrobromide. When a mixed 
solvent containing methanol and isopropyl alcohol is used, it is particulariy preferable that the amounts thereof be 2 L 

- 5 L of methanol and 4 L - 8L of isopropyl alcohol, both per 1 kg of citalopram hydrobromide. 

35 [0038] In Method 2, (C2) and (D2) may be sequentially repeated after (D2). The crystallization of citalopram hydro- 
bromide is preferably completed after aging at a temperature below the final cooling temperature (preferably -1 0°C to 
30*C, more preferably 0*C to 20*'C) for preferably 30 minutes - 48 hours, more preferably 2 hours - 24 hours, to achieve 
an improved yield. 

[0039] 8y the foregoing steps, the characteristics of citalopram hydrobromide crystals can be control led. For example, 
40 to shift the particle size distribution of the crystals toward that of the crystals having a greater particle size, the cooling 
rate may be slowed In (B2) and (D2), a seed crystal may be added in (82), and the crystals may be heated for dissolution 
at a specific temperature in (C2). To increase the aspect ratio, the cooling rate or the stirring speed may be slowed in 
(B2) and (D2). 

[0040] In Method 1 and Method 2, the obtained crystals are isolated and purified by conventional methods, such as 

45 washing with a suitable solvent after filtration. 

[0041] The citalopram hydrobromide crystals wherein 35% at most, preferably not more than 30%, more preferably 
not more than 20%, thereof has a crystal particle size of less than 5 ^m, and further the crystals wherein not less than 
10%, more preferably not less than 20%, thereof preferably has a particle size of not less than 20 can improve 
the filterability after crystallization for the production of phamnaceutical bulk and the like. In addition, they can improve 

50 the problems of scattering of fine particles and exposure of the workers to the fine particles during production of a 
pharmaceutical preparation, and the like. These crystals can be obtained by each method as follows. 
[0042] In Method 1 , the average cooling rate of the solution within the temperature range of from 20*C to 40*C in 
(B1) is controlled to not less than 0.5**C/hour and not more than 60*C/hour, preferably by adding a seed crystal at a 
temperature range of not less than 30^*0 and less than 48*'C in (B1). 

55 [0043] In Method 2, the cooling rate of the solution in the temperature range of from ((heating temperature in (C2)) 
to (this heating temperature - 30**C) in (D2) is controlled to not less than 1*C/hour and not more than 90°C/hour, or 
preferably a seed crystal is added at a temperature range of not less than 30*C and less than 48**C in (82), or a part 
of the obtained crystals in (82) is heated for dissolution in (C2). 
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[00441 The citalopram hydrobromide crystals having an average aspect ratio of generally not less than 2.0, preferably 
not less than 3, and more preferably not less than 4.5, and generally not more than 9.0, preferably not more than 7, 
and more preferably not more than 6.0, can improve the problems such as poor filtering perfomnance aftercrystallization 
for the preparation of a pharmaceutical bulk and poor fluidity when crystals are being taken out, and can be advanta- 
5 geously used for the production of citalopram hydrobromide and the production of pharmaceutical products. From this 
viewpoint, the crystals having an average aspect ratio of not less than 4.5 and not more than 6.0 are particularly 
preferable. These crystals can be obtained by each method as follows. 

[0045J in Method 1, the average cooling rate of the solution in the temperature range of 20*C - 40*C in (B1) is 
controlled to not less than 0.5*C/hour and not more than 60*C/hour, and preferably the stirring speed is set for 1 0 rpm 
10 - 250 rpm in (B1). In (B1), the speed at the tip of an agitation part is generally set to 0.1 m/s - 2.5 m/s, preferably 0.5 
m/s - 2.0 m/s. 

[0046] In Method 2, the cooling rate of the solution within the temperature range of from (heating temperature in 
(C2)) to (this heating temperature - SO^'C) is controlled to not less than 1**C/hour and not more than 90**C/hour in (D2), 
and preferably the stirring speed is set for 10 rpm - 250 rpm in (82) and (D2). In (82) and (D2), the speed at the tip of 

15 an agitation part is generally set to 0.1 m/s - 2.5 m/s, preferably 0.5 m/s - 2.0 m/s. 

[0047] 8y setting the speed at the tip of an agitation part to generally from not less than 2.5 m/s to less than 5.0 m/ 
s, preferably from not less than 3.0 nrVs to not more than 4.0 m/s, in (81) in Method 1 and (82) and (D2) in Method 2, 
crystals having an average aspect ratio of not less than 2.5 and less than 4.5 can be obtained. The crystals having an 
average aspect ratio of not less than 2.5 and less than 4.5 are preferable because they can be used as they are as a 

20 pharmaceutical preparation. 

[0048] The citalopram hydrobromide to be used may be any that can be obtained by any method. It is preferably 
purified by active charcoal and the like before being subjected to the crystallization according to the present invention. 
The citalopram hydrobromide can be obtained, for example, according to the disclosure in, for example, US4650884. 
[0049] The present invention is explained in more detail in the following by referring to Examples that do not limit the 

25 present invention in any way. 

[0050] The powder X-ray crystal diffraction and average particle size were measured in the following Reference 
Example, Examples and Comparative Example, according to the following methods. 

Powder X-ray crystal diffraction: Rigaku Corporation 

30 MiniFlex 

Irradiated X-ray CuKa 

Average particle size: SHIMAD2U CORPORATION SALD1 1 00 

(medium : diisopropyl ether) 

Reference Example 1 
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[0051] Citalopram base (1 67 g) was dissolved in acetone (837 ml). Thereto was blown in a hydrobromic acid gas at 
15°C - 40°C to make the pH of the solution 3. When about 1/2 of the hydrobromic acid gas was blown in, crystals 
40 began to precipitate. The reaction mixture was stirred at 25**C - 35*'C for 1 hour, and at 0*C - 5*C for 1 hour. The 
resulting crystals were filtered, washed with cold acetone (1 67 ml) and dried in vacuo at 50**C - 70'C (5 Torr - 30 Torr) 
for 3 hours to give citalopram hydrobromide crystals (162 g). The crystals had an HPLC purity of 97.3% (254 nm). 

melting point 180.3^0 
45 1H-NMR (DMSO-dg, 400 MHz): shown in Figure 1 . 

Powder X-ray crystal diffraction pattern: shown In Figure 2. 

Example 1 

50 [0052] Citalopram hydrobromide (5.0 g) was synthesized according to Reference Example 1 and dissolved in meth- 
anol (15 ml) at eO'^C. Thereto was added active charcoal (0.5 g) and the mixture was stirred for 15 minutes. The active 
charcoal was filtered off and isopropyl alcohol (25 ml) was added. The mixture was heated to 58*C to dissolve the 
crystals. When the mixture was cooled to 43'*C while stirring at 200 rpm (propeller diameter: 0.05 m, speed at the tip 
of propeller: 0.05 x (200/6) x 3.14= ca. 0.5 m/s), the seed crystal (about 0.1 mg) of citalopram hydrobromide was 

55 added. The mixture was cooled to 40*C over 1 5 minutes and then cooled from 40*C to 20°C over 5 hours while stirring 
at 200 rpm to make the cooling rate almost the same (average cooling rate: 4**C/hour). The cooled suspension was 
stirred at 20*C for 18 hours (retention time at 20<*C) at 200 rpm and the resulting crystals were filtrated. The crystals 
were dried at 50°C (0.67 kPa - 1 .33 kPa) for 3 hours in vacuo while stirring them at 30 rpm, and stood for drying at 
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70*C (0.4 kPa- 0.8 kPa) for 15 hours. ..MaAAor- 
[0053] The obtained citalopram hydrobromide crystals weighed 4.2 g. and the crystals had a melting point of 1 84.4 C 

and an HPLC purity of 99.9% (254 nm). 

powder X-ray crystal diffraction pattern: shown in Figure 3 
crystal particle size distribution 

less than 5^nrt 17.1%, 

not less than 5 \Lm and less than 10 ^im 22.2%, 
not less than 10 and less than 20 ^im 29.1%, 
not less than 20 nm and less than 40 \m\ 27.0%, 
not less than 40 ^im 4.6% (shown in Figure 6) 

average particle size 12.9 \im 
micrograph (400 magnifications): shown in Figure 13 
average aspect ratio: 4.8 

Examples 2-3 

20 [0054] The procedure followed Example 1 except that the cooling time of from 40»C to 20'>C and the retention time 
at 20''C were changed to those shown in Table 1 . 

Table 1 



10 



15 



25 


Ex. 


Cooling time of from 
40**C to 20*^0 (cooling 
rate in parenthesis) 


Retention time at20°C 


Crystal particle size 
distribution (D) 


Average particle size (nm) 




2 


30 min (40**C/hour) 


19 hr 30 min 


D<5nm31.4% 
5nm^D<10iim 30.3% 


7.8 


30 








10 |im^D<20 ^m 
25.7% 

20 p.m^D<40 pjn 




35 








12.2% 

D^40 nm 0.3% 
(shown in Figure 7) 




40 


3 


1 hr(20<*C/hour) 


19 hr 


D<5 nm19.6% 
5 nm^D<10 |xm 26.0% 
10 nm^D<20 nm 
31 .0% 


11.0 


45 
50 








20 nm^D<40 \xm 
21 .6% 

D^40 |im 1 .6% 
(shown in Figure 8) 





55 



Example 4 

[00551 Citalopram hydrobromide (5.0 g) was synthesized according to Reference Example 1 and dissolved In meth- 
anol (15 ml) at 50»C. Thereto was added active charcoal (0.5 g) and the mixture was stirred for 1 5 minutes. The active 
charcoal was filtered off and isopropyl alcohol (25 ml) was added. The mixture was heated to 58»C to dissolve the 
crystals When the mixture was cooled to 43-0 while stirring at 200 rpm (propeller diameter: 0.05 m), the seed ci^stal 
(0 1 mg) of citalopram hydrobromide was added. The mixture was cooled to 41° C over 1 5 minutes and heated to 50 C 
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over 5 minutes, and then stirred at the same temperature for 80 minutes to allow dissolution of a part of the crystals 
(about half). Then, the mixture was cooled from 50*C to 20*C over 2.5 hours to make the cooling rate almost the same 
(average cooling rate: 12'C/hour). The cooled suspension was stirred at 20**C for 17.5 hours at 200 rpm and the 
precipitated crystals were filtrated. The crystals were dried at 50*C (0.67 kPa - 1 .33 kPa) for 3 hours in vacuo with 
5 stirring at 30 rpm, and stood for drying at 70°C (0.4 kPa - 0.8 kPa) for 15 hours. 

[0056] The obtained citalopram hydrobromide crystals weighed 4.1 g and the crystals had an HPLC purity of 99.9% 
(254 nm) and a melting point of 184.7*C. 

powder X-ray crystal diffraction pattem: shown in Figure 4. 
10 crystal particle size distribution 



less than5|im 9.6%, 

not less than 5 ^im and less than 1 0 ^im 1 2.3%, 
not less than 10 ^im and less than 20 ^im 20.9%, 
15 not less than 20 ^m and less than 40 ^m 31 .7%, 

not less than 40 ^m 25.5% (shown in Figure 9) 

average particle size 23.8 |im 
micrograph (400 magnifications): shown in Figure 14 
20 average aspect ratio: 5.4 



Example 5 

[0057] The procedure followed Example 4 except that the cooling time of from 50°C to 20**C and the retention time 
25 at 20°C were changed to those shown in Table 2. 



Table 2 



30 


Ex. 


Cooling time of from 
50*0 to (cooling rate in 
parenthesis) 


Retention time at 20''C 


Crystal particle size 
distribution (D) 


Average particle size {\im) 




5 


30 min (60''C/hr) 


19 hr30 min 


D<5 |im 15.6% 
5^m^D<10|im 19.3% 


15.1 


35 








10^lm^D<20^lm26.9% 










20 ^im^D<40^lm31.0% 

D^40 \Lm 7.2% (shown in 
Figure 10) 





40 

Example 6 



[0058] Citalopram hydrobromide (18.2 kg) was synthesized according to Reference Example 1 and dissolved in 
methanol (37.4 kg) at 45*C - 50**C. Thereto was added active charcoal (1 .8 kg) and the mixture was stirred for 55 
minutes. The active charcoal was filtered off and washed with wann methanol (7.2 kg). The washings and the filtrate 
were combined and heated to about 60'*C. Isopropyl alcohol (71 .9 kg) heated to 40*C - 50**C was added, and upon 
confirmation of dissolution at 62*C, the mixture was cooled with stirring at 169 rpm (diameter of impeller of agitator 
(Pfaudler type): 0.45 m, speed at the tip of impeller of agitator: ca. 4.0 nn/s). When the mixture was cooled to 44'*C, 
the seed crystal (about 400 mg) of citalopram hydrobromide was added. Stirring at 40*'C - 43**C for 30 minutes enabled 
confimnation of the precipitation of the crystals at 41 .5'C. 

[0059] The mixture was cooled from 40°C to 20'*C over 4 hours (average cooling rate: 5**C/hour), and further cooled 
to 1 0°C over 3 hours. The suspension was stirred at 5*C - 1 0**C at 80 rpm for 13 hours and the crystals were filtrated, 
A mixture of isopropyl alcohol (9.6 kg) and methanol (4.8 kg) was cooled to O^C - lO'^C. The crystals were washed 
with this mixture. The wet crystals (19.8 kg) were dried under reduced pressure (10 kPa - 1 .33 kPa), at 30°C - 50*C 
for 1 0 hours, at 45*C - 55*C for 5 hours, and at 70°C - 75*C for 8 hours, with stirring at 30 rpm. 
[0060] The obtained citalopram hydrobromide crystals weighed 1 5.0 kg (recrystallization yield : 82%) and the crystals 
had an HPLC purity of 99.75% (220 nm) and a melting point of 185.0**C. 
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crystal particle size distribution 
less than 5^im 12.6%, 

not less than 5 [im and less than 10 |xm 20.2%, 
5 not less than 1 0 \im and less than 20 jim 35.5%, 

not less than 20 |im and less than 40 |im 29.3%, 
not less than 40 |im 2.4% (shown in Figure 11) 

average particle size: 14.6 jim 
10 micrograph (400 magnifications): shown in Figure 15. 

average aspect ratio: 3.0 
bulk density: 0.2 g/ml 
tap density 0.42 g/ml 

15 Comparative Example 1 

[0061] Citalopram hydrobromide (5.0 g) was synthesized according to Reference Example 1 and dissolved In meth- 
anol (15 ml) atSO'^C. Thereto was added active charcoal (0.5 g) and the mixture was stirred for 15 minutes. The active 
charcoal was filtered off and isopropyl alcohol (25 ml) was added. The mixture was heated to 58'*C to dissolve the 

20 crystals. The mixture was cooled to 40'*C over 5 min and then cooled from 40**C to 20*C over 5 min with stirring at 200 
rpm. When the mixture was cooled to 20'C, the seed crystal (0.1 mg) was added. The mixture was stirred at the same 
temperature for 20 hours and the crystals were filtrated. The crystals were dried at 50"C (0.67 kPa - 1 .33 kPa) for 3 
hours in vacuo with stirring at 30 rpm, and stood for drying at 70'C (0.4 kPa - O.B kPa) for 15 hours. 
[0062] The obtained citalopram hydrobromide crystals weighed 4.3 g and the crystals had an HPLC purity of 99.9% 

25 (254 nm) and a melting point of 1 84.2**C. 

powder X-ray crystal diffraction pattern: shown in Figure 5 
crystal particle size distribution 

30 less than 5 ^im 41 .9%, 

not less than 5 ^im and less than 10 |im 30.2%, 
not less than 10 iim and less than 20 nm 23.9%, 
not less than 20 ixm and less than 40 |im 4.0%, 
not less than 40 ^m 0% (shown in Figure 12) 

35 

average particle size: 6.3 |im 

micrograph (400 magnifications): shown in Figure 16 

[0063] According to the method of the present invention, the crystal characteristics of citalopram hydrobromide, such 
40 as particle size, particle size distribution, aspect ratio and the like, can be controlled easily and industrially In addition, 
citalopram hydrobromide crystals having crystal characteristics useful as a phannaceutical bulk can be provided. 



Claims 

45 

1. Citalopram hydrobromide crystals containing crystals having a particle size of less than 5 |im in a proportion of 
35% at most. 

2. The citalopram hydrobromide crystals of claim 1 , which comprise crystals having a particle size of not less than 
50 20 |j.m in a proportion of not less than 1 0%. 

3. The citalopram hydrobromide crystals of claim 1 , which have an average aspect ratio of not less than 2.0 and not 
more than 9.0. 

55 4. The citalopram hydrobromide crystals of claim 1 , which have an average aspect ratio of not less than 2.5 and less 
than 4.5. 

5. The citalopram hydrobromide crystals of claim 1 , which have an average aspect ratio of not less than 4.5 and not 
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more than 6.0. 

6. Citalopram hydrobromide crystals having an average aspect ratio of not less than 2.0 and not nnore than 9.0. 

7. Citalopram hydrobromide crystals having an average aspect ratio of not less than 2.5 and less than 4.5. 

8. Citalopram hydrobromide crystals having an average aspect ratio of not less than 4.5 and not more than 6.0. 

9. A method for crystallizing citalopram hydrobromide, which comprises the steps of 

(A1) dissolving, by heating, citalopram hydrobromide in a solvent comprising at least one member selected 
from the group consisting of alcohol having 1 to 3 carbon atoms, water and acetone and 
(B1) cooling the resulting product to allow for crystallization while controlling a cooling rate. 

10. The method of claim 9, which comprises controlling the cooling rate of the solution in a temperature range of from 
0*»C to 80*C. 

11. The method of claim 9, which comprises controlling an average cooling rate of the solution in the temperature 
range of from 20'*C to 40**C to not less than 30°C/hour and not more than 60*C/hour. 

12. The method of claim 9, which comprises controlling an average cooling rate of the solution in a temperature range 
of from 20'*C to 40°C to not less than 0.5°C/hour and less than 30'*C/hour. 

13. The method of claim 9, which comprises, after cooling to a temperature range of from not less than 30'*C to less 
than 48*C, adding a seed crystal of citalopram hydrobromide for crystallization. 

14. A method for crystallizing citalopram hydrobromide, which comprises the steps of 

(A2) dissolving, by heating, citalopram hydrobromide in a solvent comprising at least one member selected 
from the group consisting of alcohol having 1 to 3 carbon atoms, water and acetone, 
(B2) cooling the obtained solution to achieve crystallization, 
(C2) dissolving a part of the obtained crystals by heating, and 
(D2) recrystallizing while controlling a cooling rate. 

15. The method according to claim 14, which comprises cooling to a temperature range of from not less than 30'*C to 
less than 48<*C in (62). 

16. The method according to claim 14, which comprises, after cooling to a temperature range of from not less than 
30*'C to less than 48**C, adding a seed crystal of citalopram hydrobromide for crystallization in (B2). 

17. The method according to claim 14, which comprises dissolving a part of the crystals by heating to not less than 
48X and not more than 60°C in (C2). 

18. The method according to claim 14, which comprises controlling the average cooling rate of the solution in the 
temperature range of from (heating temperature in {C2)) to (said heating temperature - 30*C) to not less than 
30'*C/hour and not more than gO^C/hour in (D2). 

19. The method according to claim 14, which comprises controlling the average cooling rate of the solution in the 
temperature range of from (heating temperature in (C2)) to (said heating temperature - 30°C) to not less than 1 ''01 
hour and less than 30*C/hour in (D2). 
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Fig. 8 
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Fig. 9 
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Fig. lO 
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Fig. 11 



100 



50 




0 " — — 

1 2 34568 10 2 34568 100 2 
Particle size Ckim) 



22 



EP1 152 000 A1 



Fig. 12 
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Fig. 14 
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